The paper presents a method of priority scheduling that is useful during the planning of multiple-structure construction projects. This approach is an extension of the concept of interactive scheduling. In priority scheduling, it is the planner that can determine how important each of the technological and organisational constraints are to them. A planner's preferences can be defined through developing a ranking list that defines which constraints are the most important, and those whose completion can come second. The planner will be able to model the constraints that appear at a construction site more flexibly. The article presents a general linear programming model of the planning of multiple-structure construction projects, as well as various values of each of the parameters that allow us to obtain different planning effects. The proposed model has been implemented in a computer program and its effectiveness has been presented on a calculation example.
INTRODUCTION
General methods of planning construction projects can be divided into two groups: those which assume a non-determined structure of the projects that are being planned, e.g. [2, 19, 20] , and those which assume a determined one. Both groups of methods are still being developed. A determined 1 Assoc. Prof. PhD. Eng., Cracow University of Technology, Faculty of Civil Engineering, ul. Warszawska 24, 31-155 Cracow, Poland, e-mail: eradzisz@izwbit.pk.edu.pl 2 M.Sc. Eng., Cracow University of Technology, Faculty of Civil Engineering, ul. Warszawska 24, 31-155 Cracow, Poland, e-mail: bsroka@izwbit.pk.edu.pl structure of multiple-structure construction projects was assumed in the article, with completion time being a deterministic variable.
The basic methods of planning multiple-structure construction projects are, for instance: Line of Balance (LOB) [1] , Horizontal and Vertical Logic Scheduling for Multistory Projects (HVLS) [22] , Repetitive Scheduling Method (RSM) [3] and others [5, 7, 8] . The methods of planning the carrying out of multiple-structure projects that have been presented do not, however, take into account technological and organisational constraints. The time coupling method [14, 21] makes it possible to model both technological and organisational constraints that are encountered during the carrying out of multiple-structure construction projects [17] .
This article presents an expansion of the concept of the interactive scheduling method presented in publication [11] . The concept of interactive scheduling assumes that the algorithm of the optimisation method will not be dependent on each of the stages of data calculations, which reflect the planning situation. The approach proposed in this article assumes that a planner (usually the construction site director) can define their preferences regarding time couplings. Time couplings will be a mapping of the technological and organisational constraints that are encountered during the carrying out of a multiple-structure construction project. A planner can sort time couplings, indicating which of them are a priority and need to be completed, and which are secondary and their completion is of lesser significance. In general, these couplings can, but do not need to be, dependent on the order in which structures are built. The appropriate determining and implementation of a planner's organisational preferences can have a positive impact on the relations between a general contractor and subcontractors [16, 18] , reduce the probability of the occurrence of organisational problems that influence the proper course of a project's implementation [4] , limit the amount of problematic decisions that need to be made during such an implementation [10] , help in the selection of appropriate contractor or subcontractors during the stage of preparing to initiate the carrying out of a project [6, 9] and serve as an application that can support software based both on BIM [12] and other types of technology [13] .
The goal of the article is to create a model of linear programming that can be used to determine an optimal schedule of the carrying out of a multiple-structure project, taking into account the technological and organisational preferences of a planner. The possibility to change the order of the selection of the structures has been omitted in the proposed model.
PRIORITY SCHEDULING LINEAR MODEL
We are presented with a multiple-structure construction project that is being carried out using a pipeline work system. There are m tasks to be completed by m specialised brigades on n structures. The duration of each task is deterministic and known from the outset. Once a task has begun it cannot be stopped. The following sets of index pairs have been determined below:
-helpful in determining time couplings between the tasks performed by a brigade on different structures;
-helpful in determining time couplings between the tasks performed by different brigades on a single structure;
-the set of index pairs for all tasks.
A model of linear programming, which will be called model A, has been developed for the conditions and sets defined as above. The cw parameters and ck variables require additional elaboration. The cw parameters mark the unit increment of the goal function, in the event that the respective tc time coupling fails to be ensured.
For instance: if the value of the lower limit is The goal function (2.1) is the sum of a number of elements. Based on formulas (2.2) and (2.3) we can calculate the value of the failure to ensure lower and upper time coupling between structures and brigades. Formula (2.4) will cause the determining of the shortest and longest completion times for each task. The parameter ρ takes on a very low value (a parameter value lower by at least two orders of magnitude than the minimum task duration time was experimentally assigned) This will lead to a situation in which the value of variables responsible for the shortest and longest completion times will be correctly assigned, while the impact on the goal function will be negligible. In addition, the goal function includes the completion time of the entire project. The goal function will be minimised.
The following constraints are featured in the model. Formula (2.5) makes it possible to link the shortest initiation and completion times of all tasks performed during the carrying out of a project.
Formula (2.6) makes it possible to link the longest times of the initiation and completion of all tasks performed during the carrying out of a project. Formula (2.7) makes it possible to determine the total amount of spare time. Formulas (2.8-2.15) preserve the dependencies of CPM networks, taking into account lower and upper time couplings both for structures and brigades (for the shortest and longest completion times), in addition to making it possible to determine by how much time did the time couplings miss their mark (ck variables). Formula (2.16) implements the assumption that the earliest completion time of the project is equal to the longest project completion time. All the variables take on non-negative values (2.17).
Various types of models, whose use can produce different planning effects have been presented in table 1. In table 1, A means a sufficiently large number. It is difficult to determine the precise value of parameter A. An experimental analysis showed that a parameter value that is higher by at least two orders of magnitude than the maximum of completion times needs to be assumed. In addition:
<< means that parameter B is much higher than A -it was experimentally determined that it is higher by two orders of magnitude).
Model A.1 meets the constraints of the CPM method (in time coupling theory it is a TCM III model). Z cw 
CALCULATION EXAMPLE
In order to present the models that have been shown in the article, a project composed of 3 structures has been used. Each of the structures are to have 4 types of tasks performed on them. and thus ensuring the continuity of the work of brigade 3, has been met. It was not possible to ensure the continuity of work on structure 2 (lack of continuity over a total of 6 days), in addition to ensuring the continuity of the work of brigade 2 (lack of continuity over a period of 2 days). 
CONCLUSIONS
The model that has been presented is useful in the planning of multiple-structure construction projects. Priority scheduling is an innovative approach to the planning of multiple-structure projects that makes it possible to easily take into account a planner's preferences regarding technological and organisation constraints at a construction site. The greatest flaw of the proposed model is that a planner needs to know the completion times of all the tasks on all structures during a schedule's development. In addition, in the current version of the software, it is the planner that must assign 22 
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